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In the preceding papers (2-4) it has been shown that, in rats thymectomized 
early in life, there is a partial or complete suppression of immune phenomena of 
the type attributed to delayed hypersensitivity, specifically of skin sensitization 
to tuberculin or to purified protein  (bovine serum albumin),  experimental al- 
lergic  encephalomyelitis,  and skin homograft rejection.  Evidence is presented 
that humoral antibody formation may be diminished as well. The present paper 
deals with histologic  changes  found in the lymphoid tissues of the animals em- 
ployed in these studies. The principal finding is an almost complete absence of 
small lymphocytes from their usual position in the spleen and lymph nodes. 
Methods and Materials 
The material of the present  study consisted of hematoxylin- and  eosin-stained paraffin 
sections of various lymphoid tissues removed at autopsy from animals described in the pre- 
ceding papers.  Selected sections were also stained for reticulln. The animals were  classified 
on the basis of the amount of residual thymus  ("thymectomized" means no thymus or less 
than 100 mg residual thymus). In the bovine serum albumin (BSA) and experimental allergic 
encephalomyefifis (EAE) experiments, the thymectomized animals were further divided into 
those which reactcd, i.e. developed appreciable Arthus or delayed reactivity to BSA or devel- 
oped EAE, and those which did not. In the tables and graphs the word "reacted" is employed 
to designate the former group. 
For the purposes  of the present study,  sections were examined of the liver, spleen, and 
various lymph nodes and,  in occasional animals, the gastrointestinal tract  (multiple levels) 
and femoral marrow. In animals which received adjuvant in the left hind foot-pad, with or 
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:~ National Neurological Research Foundation Scientist. 
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without incorporated antigen (BSA,  rat spinal cord),  the left popliteal, left inguinal, left 
axillary, and usually the right inguinal nodes were regarded as "draining nodes" since they 
showed  marked hypertrophy and since oil droplets (vacuoles)  and the characteristic epithe- 
lioid cell response were uniformly noted in histologic sections of these nodes. The right pop- 
llteal, right axillary, and mediastinal nodes were regarded as "non-draining." In experiments 
with skin grafting, since homografts were always placed on the left flank and autografts on 
the right, the left inguinal and axillary nodes were regarded as draining nodes and all others 
as non-draining. 
The data obtained by study of spleen and node sections were qualitative but when possible 
were made quantitative, as for example by counting the number of Malpighian bodies in the 
spleen, or by measuring the diameter of germinal centers with an ocular micrometer. The 
error imposed on numerical observations by the varying position of sections within a given 
organ, such as the spleen, is compensated for by the large number of sections studied, so that 
the  data, when presented in numerical form, provide a  reasonably satisfactory statistical 
sample. Estimates of the density of lymphocytes in various sites were expressed  on an arbi- 
trary scale of 0 to -{-++. 
RESULTS 
Spleen.--Text-fig.  1 is a  schematic diagram of the anatomical features of rat 
spleen considered in the present study. These have been described by a  number 
of authors  (5-9). 
a  k,,\~  e 
b  i 
C  d 
i 
T~xT-Fm. 1. Schematic diagram of spleen anatomy, a, white pulp arteriole, b, white pulp. 
c, perifollicular or marginal zone. d, white pulp element lacking marginal zone. e, malpighian 
body, containing germinal center, f, Malpighian body in which germinal center is not sur- 
rounded by small lymphocytes, g, isolated germinal center with perifollicular zone. h, peniciUi 
arteriole with surrounding plasma cells, i, red pulp. B.  II.  WAKSMAN, B.  G.  ARNASON, AND  B.  D.  JANKOVIC  189 
The white pulp consisted almost entirely of small lymphocytes embedded in a structure of 
fibrillar and cellular reticulum disposed longitudinally in relation to medium sized arterioles. 
Germinal centers were made up  of  medium  and  large  lymphocytes, reticulum cells,  and 
macrophages with phagocytized nuclear debris; and in certain animals they contained an 
appreciable number of large cells of the hemocytoblast type. Centers were usually located 
within the white pulp and were surrounded by a  mantle of small lymphocytes. At times, 
TABLE I 
Depletion  of Splenic,  White  Pulp  in  Thymectomized  Rats 
Category 
Unsensitized 
Thymectomized. 
"  , reacted .... 
Sham-operated. 
Non-operated ................... 
Skin homograft 
Thymectomized. 
"  ,  reacted 
Sham-operated. 
Non-operated ................... 
Adjuvant 
Thymectomized. 
"  , reacted.. 
Sham-operated. 
Non-operated  ................... 
BSA 
Thymectomized. 
"  , reacted.. 
Sham-operated. 
Non-operated. 
EAE 
Thymectomized. 
"  , reacted. 
Sham-operated.. 
Non-operated. 
No. of rats 
9 
11 
6 
6 
Average No. of whit 
pulp elements  per 
spleen  section 
14 
33 
24 
14 
34 
35 
18 
43 
37 
18 
24 
37 
32 
14 
27 
22 
26 
Average area of 
spleen section oc- 
=upied by  white pulg 
31 
53 
45 
25 
35 
40 
37 
5O 
47 
28 
43 
47 
54 
25 
35 
37 
35 
however, they were seated on the surface of the mass of small lymphocytes or were found in 
an isolated position remote from the white pulp. Both germinal centers and white pulp masses 
of diameter greater than about 100 # were surrounded by a perifollicular or margdnal zone of 
hisfiocytes, in which many red cells were present and which appeared to represent the smallest 
venous sinuses of the red pulp. The entire complex of lymphoid mass and surrounding zone, 
with or without a germinal center, makes up the so called Malpighian body of the spleen. The 
number, size, and cellular make-up of germinal centers varied with the node and duration of 
immunization. Smaller elements of white pulp were not surrounded by a perifollicular zone. 
The red pulp of the spleen consisted of cords of reticular and other cells (cords of Billroth) 190  THYMUS  ROLE  IN  IMMUNE  REACTIONS  IN  RATS.  III 
alternating with irregular venous sinuses filled with blood. Straight fine arterioles (the penicilli 
arterioles) were frequent in the neighborhood of the Malpighian bodies. These were surrounded 
by large or small masses of cells of the plasmocytic series. The number and degree of matura- 
tion of these plasma cells also varied markedly with the circumstances of immunization. 
The elements described are illustrated in Figs. 1 a, 1 b, 2, and 3 a. They were 
relatively constant in all non-thymectomized animals studied, with some varia- 
tion determined by the node and duration of immunization. 
TABLE II 
Frequency Distribution of Splenic White Pulp Elements in Representative Rats of the Homografl 
Experiment 
Rat 
33-4  (Thymectomized) 
26-1  (Sham-operated) 
25-10 (Non-operated) 
Element measured 
Germinal centers 
Malpighlan  bodies 
With centers 
Without centers 
White pulp without pe~follic- 
ular zone 
Pefifollicular zones* 
Germinal  centers 
Malpighian bodies 
With centers 
Without centers 
White  pulp without  perifollle- 
niar zone 
Perifollicular zones* 
Germinal centers 
Malplghian bodies 
With centers 
Without centers 
White pulp without perifollie- 
niar zone 
Perifollicular zones* 
* Figure given is width of zone. 
Diameter (micrometer units) 
1  2  34567891011  1213  14  15  16 
0302  6  2  0  2  0  1  0 
(centers 
only)--  0  3  0  2  6  2  0  2  0  I  0 
2  6  420 
--  0  1123111  0 
0101  1  1  2 
0131  2  0  2 
--  0  1555210  1  0 
310  920 
0262211  0 
01111  5 
0110212  1 
--  0  6483200  3 
0  810220 
1140 
0310 
1310 
0 
0 
The changes in the spleens of rats effectively thymectomized at birth were 
quite characteristic. The principal finding was a complete disappearance of small 
lymphocytes from the white pulp. The structures about arterioles, occupied by 
these cells in control spleens, remained as empty, longitudinally and concen- 
trically disposed structures made up of reticulum, presenting a  quite  normal 
appearance in sections stained for reticulin, and reticular cells with large, some- 
what elongated, pale nuclei (Figs. 3 and 4). Smaller white pulp elements either 
disappeared entirely or were replaced by these empty reticular structures.  In 
the Malpighian follicles,  the germinal centers  remained essentially normal in B.  H.  WAKSMAN,  B.  C,.  ARNASON,  AND  B.  D.  JANKOVIC  191 
appearance  and cellular make-up (Figs. 3 and 5), but were often larger than in 
control spleens;  perhaps  they merely appeared larger because  of the absent 
mantle of small lymphocytes. The perifollicular zones were also normal in size 
and appearance  (Fig. 5). Again the area normally occupied by small lympho- 
cytes was either lacking or was represented by an arteriole surrounded by empty 
reticulum. Thus the Malpighian bodies, while showing an obvious  change in 
character, did not change in number or in over-all dimensions. The number of 
recognizable white pulp elements and the proportion of the total surface area of 
each spleen section occupied by white pulp was, however, strikingly diminished 
(Table I, Fig. 1). 
The aggregates  of plasma cells and immature cells of the plasmocytic series 
appeared unaffected by thymectomy, either in terms of the number of such 
aggregates  or in terms of the number and character of the cells of which they 
were composed (Figs. 5 and 6). In many thymectomized rats' spleens there was 
a clear cut increase in total plasmacellular elements, not oniy about the penicilli 
arterioles  but about other arteries  as well. They seemed,  to some degree,  to 
occupy space left vacant by the small lymphocytes. 
In the spleens from rats of the homograft experiment,  germinal centers were 
fewer  and smaller  and contained relatively more medium lymphocytes; i.e., 
smaller and darker cells. Perifollicular  zones were narrow or lacking. In these 
spleens, the change brought about by the loss of small lymphocytes was much 
more striking. The white pulp was largely or completdy replaced by cells of the 
plasmocytic series, almost every artery in some spleens being surrounded by 
masses of these cells (Fig. 6). 
In rats with residual  thymus tissue, demonstrated at autopsy, and in other 
rats in whom thymectomy was  only partially effective,  as  judged by their 
ability to respond to a sensitizing stimulus, the picture in the spleen was one of 
partial depletion.  The number and size of white pulp dements did not differ 
markedly from control values; yet there was  an obvious  diminution in the 
density of small lymphocytes in the Malpighian bodies and white pulp, and the 
latter often had a partially emptied appearance. 
The changes in the spleens of rats effectively thymectomized at 2 or even 3 
weeks of age were indistinguishable  from those described  above, but a larger 
proportion of the  spleens  examined  showed  oniy partial  depletion of small 
lymphocytes. 
In each spleen section, the number of white pulp elements of each type was 
counted and their diameters were plotted as a frequency distribution. Repre- 
sentative examples from the experiment  on skin homografting are shown in 
Table II. Average figures (number and diameter) were derived from comparable 
counts for each histologic dement in each of the spleen sections studied. These 
are shown in graphic  form in Text-figs. 2 A and B, each dot representing  the 
average for a single rat. As noted above,  the most striking change in the thy- 
mectomized rats' spleens was the diminution in total white pulp. I- 
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There was no change in the size of the spleens of thymectomized rats as com- 
pared with normal animals (Table III). 
Lymph Nodes.--Text-fig. 3 is a schematic diagram of the anatomical features 
Category 
TABLE  III 
Spleen  Size in Th, ,mectomized and Control Rats* 
No. of spleens 
20 
21 
49 
Thymectomized .................... 
Thymectomized, reacted ............. 
Control ............................ 
No. of rats with spleen size, gm 
0.5-1.0  1.1-1.5  1.6-2.0 
4  ]  8  6 
10  i  24  10 
2.1-3.0 
* All rats from experiments in which adjuvant was used except eight, which died of anes- 
thesia before inoculation. 
b 
TExT-FIG.  3.  Schematic diagram  of lymph node. a,  primary lymphoid mass or nodule. 
b,  tongues of small lymphocytes extending into  medullary  sinuses, c,  veins with cuboidal 
endothelium, d,  Germinal center with surrounding  secondary nodule,  e,  secondary nodule 
without germinal center, f, capsular and intermediate sinuses, g, medullary sinuses. 
of the lymph nodes considered in the present study. Both the scheme and the 
accompanying description, while based principally on our own observations, 
agree with descriptions published by a number of authors, notably Ehrich (10) 
and Ringertz and Adamson (11). 
The most conspicuous structures in control nodes, whether these drained a site of inocula- 
tion or grafting or were remote, were large, usually well circumscribed, masses of lymphoid B. H. WAKSMAN, B. O. ARNASON, AND B. D. JANKOVIC  195 
cells, mainly small lymphocytes but with a scattering of larger lymphocytes and reticulum 
cells as well, which we have chosen to refer to as primary lymphoid nodules. These contained 
veins with cuboidal endothelium, through whose walls lymphocytes were frequently observed 
to pass. In very active nodes,  masses or tongues  of small lymphocytes extended from the 
primary nodules  into the adjacent medullary sinuses.  Almost all lymph nodes examined 
contained, usually near the surface of the node, multiple germinal centers closely resembling 
those in the spleen. These were surrounded by small lymphocytes in the form of nodular 
aggregates (secondary nodules),  and such nodular collections were sometimes seen without 
germinal centers.  The remainder of the node was made up of irregularly disposed lymph 
sinuses separated by cords of cells, mainly plasma cells and more immature forms, each with 
a central arteriole. 
In draining nodes from animals which received adjuvant or adjuvant mixtures, areas of 
epithelioid cell formation were frequently observed in arbitrary positions in the medulla or 
Small Lymphocytcs  in Cortex c 
Lymph  nodes* 
Thymectomlzed 
Draining ..................... 
Remote ...................... 
Thymectomized but reacted 
Draining ..................... 
Remote ...................... 
Control 
Draining ....................  [ 
Remote .....................  11 
TABLE IV 
f Lymph Nodes in Thymectomized  and Control Rats 
Number of nodes with  lymphocytes 
6 
28 
q-or  4- 
26 
36 
11 
10 
++ 
16 
1S 
13 
10 
13 
20 
+++ 
2 
3 
II 
6 
40 
33 
* The left popliteal nodes of adjuvant animals are omitted from tabulation. 
cortex, with vacuoles representing the injected oil and sometimes with small areas of necrosis. 
These were regularly surrounded by a diffuse mass of small lymphocytes and, at a distance, 
by secondary nodules and germinal centers. 
The various elements described here are illustrated in Figs. 7 a, 7 c, 7 e, 8 a, 
and  10  a.  They were fairly constant  in non-thymectomized animals,  though 
there were variations in the size of the nodes, the number, size, and character 
of germinal centers,  and  the  number  and  size of primary lymphoid nodules 
related to the duration and type of immunization and to the position (draining 
or non-draining) of the individual node. 
The changes observed in lymph nodes of rats thymectomized at birth were 
striking  and  characteristic.  The  principal  finding  was  a  depletion  of  small 
lymphocytes  (Figs.  7,  8,  10).  In particular,  the  large lymphoid masses  and 
nodules were either entirely lacking or were present as shrunken, empty struc- 
tures (Figs. 9 a  and b). These still possessed the characteristic veins and some- 
times a  few patches of small lymphocytes, which tended especially to be local- 196  TIt'YMUS  ROLE  IN  IM-~UNE  REACTIONS  IN  RATS.  Ill 
ized about these veins. The main cellular elements remaining, however, were 
reticulum cells and sometimes a scattering of larger lymphocytes. The typical 
tongues of small lymphocytes extending from the primary nodules into  the 
medullary sinuses were absent.  Lymphocytes of the secondary nodules were 
diminished as well.  However, the germinal centers retained their normal ap- 
pearance and cellular make-up (Fig. 11) or even, as in the spleen, were somewhat 
increased in size. In fully depleted nodes, only germinal centers remained, sur- 
rounded by empty reticular tissue leading into  the lymph sinuses  (Fig.  11). 
More  frequently a  few lymphocytes remained  in  the  zone  surrounding  the 
centers. In these instances there was little decrease in the area of the section 
occupied  by  secondary nodules,  though  in  fact  there  were  far  fewer small 
lymphocytes (Table IV). 
In rats given adjuvant, with or without incorporated BSA or nervous tissue, 
oil vacuoles and epithelioid cells were exactly comparable in extent and char- 
acter in thymectomized and control animals, but the surrounding diffuse mass 
of small lymphocytes was decreased or absent (Fig. 10). In the immediate drain- 
ing node (left popliteal), in which the normal architecture was largely replaced 
by epithelioid cells and a diffuse mass of lymphocytes, there was depletion of 
lymphocytes as well; but this was so difficult to evaluate that no quantitation 
was attempted for this node and it is omitted from Table IV and the graphs 
presented below.  The lymphocyte depletion and disappearance or collapse of 
primary nodules occurred equally in stimulated (draining)  and unstimulated 
nodes. 
Plasma cells in the medullary cords were unaffected by thymectomy either 
in number or appearance (Figs. 9 c and 11). The depletion or disappearance of 
lymphoid masses resulted in a relative increase in the area of each section oc- 
cupied by medulla, with a resultant apparent increase in the number of plasma 
cells. There appeared frequently to be a real increase in these cells as well, with 
some invasion of the area normally filled by small lymphocytes. 
In rats with residual thymus and in other rats with ineffective thymectomy, 
as judged by their ability to react to the immunizing stimuli employed in our 
experiments, the lymph nodes showed varying degrees of partial depletion. The 
nodes as a whole seemed somewhat less sensitive to the effect of thymectomy 
than the spleen,  and  the  secondary nodules less  sensitive than the primary 
nodules. Many nodes still presented a thin rim of secondary cortex containing 
a few small lymphocytes when all other regions were fully depleted. Of animals 
thymectomized at 2 or 3 weeks, about half showed complete and the remainder 
partial depletion. 
The changes described in the preceding paragraphs were given quantitative 
expression by estimates of the size of each node section and of the proportion 
of the section area occupied by primary and secondary lymphoid tissue. Table 
V is an example of the application of this approach to matched animals of the B. H. WAKSMAN, B. G.  ARNASON,  AND  B. D. JANKOVIC  197 
homograft experiment;  and  Text-figs.  4  A  and  B  summarize  the  numerical 
data obtained in all rats of the present study. No attempt was made to include 
germinal centers in this evaluation, since the number of these varied too widely 
with the plane of section of the individual node. With regard to the size of the 
lymph nodes, if we take the nodes of unimmunized rats or the nodes from the 
TABLE V 
Findings in Lympk Nodes from  Representative Rats o] Homograft Expe#,ment 
Node* 
Thymectomized 
LP .................. 
LI ................... 
LA .................. 
RP .................. 
R~  ................... 
RA .................. 
Sham-operated 
LP .................. 
LI  ................... 
LA ................. 
RP ................. 
RI .................. 
RA ................. 
Non-operated 
LP ................. 
LI .................. 
LA ................. 
PxP ................. 
RI .................. 
RA ................. 
Size 
5X2 
5Xl 
10X2 
lXl 
3X2 
7X2 
2X 
3X 
3X 
lX 
7X 
6X 
2X1 
2X2 
2X1 
2Xl 
2X2 
7X3 
Per cent of area ol section 
Primary  nodules 
I Small lymphocytes 
(Empty)  0 
0  4- 
5 (Empty)  4- 
0  0 
(Empty)  + 
(Empty)  +-4-+ 
30  4- 
25  ++ 
50  -t-  - 4- + 
20  4-4- 
60  +4-4- 
70  4-4-4- 
30  + 
50  4-+ 
80  4-4- 
40  4- 
30  ++4- 
25  +++ 
* LP, left  popliteal.  LI, left  inguinal.  LA, left  axillary.  RP, right popliteal.  RI, right 
inguinal. RA, right axiUary. 
right  (non-draining)  side  of homografted rats  as normal,  it  is  apparent  that 
stimulation resulted in an increase in node size. In animals given adjuvant, all 
nodes appeared to be increased in size, the draining nodes more than the remote 
ones.  In thymectomized rats,  the lymph nodes  tended  to be smaller  than in 
controls, but this difference disappeared on the stimulated side. As noted above, 
the principal finding was the virtual disappearance of the large primary masses 
and nodules of small lymphocytes and the less marked diminution of secondary 
nodules. 198  THYMUS  ROLE IN IM~UNE  REACTIONS IN RATS. Ill 
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Other Lymphoid Tissues.--In a small number of thymectomized animals, the 
femoral marrow and  the lymphoid tissue of the bowel  (Peyer's patches and 
smaller lymphoid accumulations) were entirely normal in appearance. 
DISCUSSION 
Recent investigations in both man and animals have  shown that various 
antigenic stimuli can give rise to at least four distinct immunologic responses, 
leading respectively to the production of "),-globulin antibody of low molecular 
weight  (sedimentation constant  7S),  /~2A globulin antibody (7S),  and  B2M 
macroglobulin (19S)  antibody, and to the delayed type of hypersensitivity. It 
is hardly likely that these all involve cells of a single lineage, in the lymphoid 
organs or elsewhere. The most striking aspect of the present findings is that a 
single cell type is absent from the lymphoid tissues, namely the small lympho- 
cyte, the cell we have ample reason to suspect of being essential for delayed 
hypersensitivity, while other cells,  notably germinal center cells  and plasma 
cells, are still present. There is unequivocal evidence that both the latter cell 
types produce humoral antibody and that plasma cells, at least in part, produce 
7S ^/-globulin (12,  13). Our findings establish for the first time experimentally 
that these basic cell types are discrete and can be separated. We have however, 
found no histologic basis for the diminished antibody formation to BSA noted 
in our first paper (3). 
Among earlier studies of the histologic changes brought about in  lymphoid 
tissues by thymectomy that  of  Metcalf  (14)  most  closely agrees with  the 
findings reported here. In mice thymectomized at 4 to 6 weeks he observed a pro- 
gressive decrease in size of the spleen and lymph nodes and noted a  marked 
diminution in the number of small lymphocytes in these organs. There was no 
decrease in the number of germinal centers, but some decrease of mitotic rate 
in the centers. In Metcalf's experiments, thymectomy was carried out relatively 
late and, perhaps in consequence, there was never a complete depletion of the 
lymphoid organs. Miller on the other hand found (15), in mice thymectomized 
at birth, a  "conspicuous deficiency of germinal centers and only few plasma 
cells," findings markedly at variance with the changes we have observed in the 
rat, whether thymectomized early or as late as 3 weeks. 
While some of our thymectomized rats showed a total disappearance of small 
lymphocytes, the majority still had a few of these cells about germinal centers 
in the lymph node cortex, and all still had small ]ymphocytes in the blood 
stream. It is possible that there are two types of small lymphocytes and that 
our thymus experiment is concerned only with one. A second possibility is that, 
in spite of histological control, all the thymectomized rats had small amounts 
of residual or ectopic thymus. Finally we may perhaps not be performing thy- 
mectomy sufficiently early in the life of the rat, since the organ is large and 
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was carried out several weeks after birth, in our experiments and in those of 
Metcalf, the depletion of small lymphocytes in the spleen and lymph nodes was 
less striking than when thymectomy was done early. This last possibility im- 
plies either that the thymus ultimately ceases its function or, alternatively, that 
the  time  interval  between thymectomy and  testing  was insufficient  to  give 
depletion of all circulating and other cells of thymus origin, even when the opera- 
tion was performed at birth. 
Our findings  contradict the widely held assumption, based on morphologie 
data (10, 11) and more recently on experiments with isotopic labeling (16, 17), 
that germinal center cells, usually described as large and medium lymphocytes, 
are the precursors of small lymphocytes. Ortega and Mellors (13) have shown 
that germinal center cells in fact produce humoral antibody of some type. The 
precursor of the small lymphocyte remains unidentified. An increasing  number 
of investigators in this field  (18,  19) believe that the thymus acts as a major 
source of these cells. 
The actual demonstration, under physiologic conditions, that thymus lym- 
phocytes seed other lymphoid organs  has  not yet been achieved.  However, 
Gowans has demonstrated a circulation of small lymphocytes through the lym- 
phoid organs (20), and has recently been able to show (21) that these cells enter 
the lymph node from peculiar venules with cuboidal endothelium characteris- 
tically found (10) in the large primary lymphoid masses, and leave again via 
the medullary sinuses  and  efferent lymphatics.  Similar  venules are found in 
Peyer's patches, as are efferent lymphatics.  Small lymphocytes also enter the 
splenic white pulp  (22), but the route by which they do so has not been eluci- 
dated. The normal white pulp consists of concentrically disposed reticular struc- 
tures filled with small lymphocytes about moderate sized arterioles. In thymecto- 
mized rats,  though the lymphocytes were often entirely lacking,  well formed 
anatomical structures, consisting  of concentric lameUae of cells and reticulin, 
remained.  These structures,  then,  must exist independent of the presence of 
lymphocytes. They appear to correspond in part to the perivascular lymphatics 
described by Snook (6). As they are not traversed by capillaries  leading from 
the arterioles to the venous sinusoids, one may speculate that the lymphocytes 
normally found within them must reach their position by flow in a longitudinal 
direction. 
The theory that there is a single type of lymphocyte which acts as a multi- 
potent stem cell (22-24)  is not supported by the present findings. The red cells, 
platelets, granulocytes, and monocytes of our thymectomized animals,  as well 
as the germinal  center cells and plasma cells,  were completely normal,  even 
when the spleen and lymph nodes were entirely depleted of small lymphocytes 
and there was a marked reduction of these cells in the circulation. While the 
one cell theory continues under active investigation (24),  the view that there 
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other an immunologically competent cell, is now widely considered (25). Many 
authors draw  a  sharp  distinction between thymic lymphocytes of epithelial 
origin and others of presumed mesenchymal origin (see e.g. Ruth (26)).  In the 
chicken, there are clearly at least two populations of lymphocytes, derived from 
epithelial precursors in the thymus and the bursa of Fabricius respectively and 
possessing different functions (3). In mammals, while no source for a  second 
population of small lymphocytes has been clearly identified, the varying locali- 
zation of labeled lymphocytes from different lymphoid organs upon retrans- 
fusion into normal recipients  (2,  27-29)  suggests that  these  cells  may have 
markedly different properties.  Indeed some,  e.g.  Peyer's patch lymphocytes, 
can give regeneration of spleen and nodes but not of hemopoietic tissue (30), 
while others, e.g. lymph node cells, may also give formation of myelocytes (29). 
Turnover studies (31) indicate that the rat may have two discrete populations 
of lymphocytes, one with a  very long life span (100 to 200 days), making up 
80 to 90 per cent of the total lymphocytes, and a  second with a life span of 3 
to 4 days making up only 10 to 20 per cent of the total. The continued presence 
of small lymphocytes in the blood of our most completely depleted rats suggests 
the presence of a second, independent source for these cells. 
While our findings appear to separate in a striking manner one population of 
small lymphocytes and their unknown derivatives, on the one hand, from the 
germinal center cells, plasma cells, and their precursors, on the other, they also 
shed light on a  broader distinction, namely that between cells  derived from 
epithelial precursors and those of mesenchymal origin. The reticuloendothelial 
system, as originally defined by Aschoff, included the whole range of phagocytic 
mononuclear cells,  among them some stem cells  (so called reticular cells)  (re- 
viewed in reference 32). Marshall (8) used impregnation with silver carbonate to 
identify a class of "metallophil" cells, which appeared to include all phagocytic, 
dye storing cells of mesenchymal origin. The reticuloendothelial cells represent 
resting and activated forms of the metallophil cells,  whereas  those reticular 
(stem) cells which act as the source of the germinal center cells and the plasmo- 
cytic series are not stained by the silver method. These two broad classes  of 
cells  can also be distinguished by more conventional histochemical methods: 
phagocytic cells of mesenchymal origin (histiocytes) contain acid phosphatase, 
esterase, and phosphaminidase while the stem cells do not (33). It is significant 
that, in our thymectomized rats  there was no abnormality affecting cells  of 
reticuloendothelial type, those shown in Marshall's studies to be metallophil. 
Thus in histologic sections,  the "reticulum" cells of the splenic red pulp were 
quite normal, as were the histiocytes of the perifollicular zones and histiocytes 
in other organs (Kupffer cells of liver, microglia of brain). The level of circulating 
monocytes was unaltered. The epithelioid cell response to adjuvant was quite 
normal. On the other hand, the small lymphocytes, previously assumed to be 
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studies of the lymphoid organs in bursectomized chickens have not been pub- 
lished; we must suppose that in them other cells of supposed reticuloendothelial 
origin are lacking.  Thus the current practice of designating immunologically 
functioning cells  as  part  of the  reticuloendothelial system  (34)  appears  un- 
justifiable. 
The thymus and the small lymphocyte are among the few remaining constit- 
uents of the organism for which no well defined function has been recognized. 
The body of data which we have presented in this series of papers makes it 
possible to assign to this organ and the cell it produces a role of major impor- 
tance  in  the  body's  economy. We  have  shown  that  the  thymus  and  small 
lymphocyte are essential to the normal expression of one large class of immune 
responses, delayed or cellular hypersensitivity, and perhaps for certain types of 
afftib6dy formation as well. 
SUMMARy 
In rats  thymectomized at  birth,  there was  a  profound depletion of small 
lymphocytes in various lymphatic organs. In the spleen, these cells were com- 
pletely lacking from the  Malpighian  bodies and  splenic  white pulp.  Empty 
reticular  structures  remained  surrounding  the  white  pulp  arterioles.  In  the 
lymph nodes, large masses and nodules of small lymphocytes (primary lymphoid 
nodules) were either markedly depleted or absent, as were the zones of these 
cells normally surrounding germinal centers. In both spleen and nodes, germinal 
centers appeared normal in size, number,  and cellular make-up; and plasma 
cells were found in normal or even increased number in their customary position. 
Rats which in spite of thymectomy developed intense Arthus or delayed re- 
activity showed incomplete depletion of the lymphoid tissue. It is concluded 
that small lymphocytes of the spleen and lymph nodes may come, in large part, 
directly from the thymus and are not derived from medium and large lympho- 
cytes of the germinal centers. It is suggested that there may be a second popula- 
tion of small lymphocytes whose function is unrelated to the thymus lympho- 
cytes. 
We wish to express our thanks to Margaret Carroll and Olgertz Zvaigzne for the fine histo- 
logic preparations on which the present study was based, to Paul G. Andriesse for the graphic 
work, and to Stanley Bennett for the photography. 
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EXPLANATION OF PLATES 
PLATE 15 
FIG. 1.  Comparable cross-sections of spleens from  control  rats  (la and  lb)  and 
thymectomized rats (1 c, 1 d,  and  1 e). Fig. 1 a,  uninoculated rat  33-1.  Fig.  lb and 
1 c, rats given adjuvant, Nos. 18-7  and  18-5.  Figs.  1 d  and  1 c,  rats given BSA in 
adjuvant,  30-1  and  23-2.  All  hematoxylin  and  eosin.  X  10.  Photographed  and 
printed under  identical conditions (note constancy of background). THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE  15 
(Waksman et al.: Thymus role in immune reactions in rats. III) P~ATE 16 
FIG.  2.  Spleen  of normal  rat  18-7 injected  with  adjuvant  alone.  Upper  picture 
illustrates  normal  relationship  of small  lymphocytes in periarteriolar  white pulp  to 
cells of adjacent germinal center, mostly medium lymphocytes, and the perifollicular 
zone of histiocytes.  Lower figure shows smaller  white pulp element,  lacking a  peri- 
follicular zone, and  adjacent penicilli  arteriole  surrounded  by nests  of plasma  cells. 
Both hematoxylin and eosin.  X  290. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE  16 
FIG.  2 
(Waksman et al.: Thymus role in immune reactions in rats. III) PLATE  17 
FIGS. 3 a  to 3 c. Spleen of control rat 20-2 (a) and thymectomized rat 8-6 (3 b and 
3 c)  inoculated with BSA plus adjuvant. Fig. 3 a, normal splenic white pulp, consist- 
ing of small lymphocytes massed  about an arteriole,  germinal centers  (in this ease 
not  surrounded  by  lymphocytes),  and  perifollicular zones  of  histiocytes.  Fig.  3 b, 
normal looking germinal center and perifollicular zone with adjacent empty reticu- 
lated structure corresponding to white pulp of normal spleen. Fig. 3 c, same area under 
higher power. Hematoxylin and eosin. Figs. a and b,  ×  120, c,  ×  290. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE  17 
(Waksman  et al.: Thymus role in immune reactions in rats. III) PLATE  18 
Fins. 4 a  to 4 c.  Spleens of thymectomized rats 12-5, injected with adjuvant alone 
(4 a and 4 c), and 29-4, injected with BSA in adjuvant (4 b). Fig. 4 a, intact germinal 
center and empty white pulp structure.  Fig.  4 b,  normal appearing germinal center 
and perifollicular zone. There are nests of mature amt immature plasma cells about 
adjacent  penicilli arteriole  (at  arrow).  Fig.  4 c,  empty  white  pulp  structure.  All 
hematoxylin  and  eosin.  ×  120. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE  18 
(Waksman et al.: Thymus role in immune reactions in rats. III) PLATE  19 
FIGS.  5 a  to .5 c. Spleen  of thymectomized  rat injected  with  BSA  and  adjuvant 
(rat 23-2)  Fig.  5 a, germinal  center,  perifollicular  zone  of histiocytes,  and  penicilli 
arteriole  with  some  plasma  cells.  Small lymphocytes are  completely lacking.  Fig. 
5 b, Higher power view of border between germinal center (above) and perifollicular 
zone. Cell population of germinal center is made up of medium and large lymphocytes 
and occasional reticulum cells,  c, high power view of cell population along penicilli 
arteriole.  Some  mature  plasma cells  and  many immature cells  of  the  plasma  cell 
series. Hematoxylin and eosin. Fig. 5 a,  ×  290, b and c,  ×  720. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE 19 
(Waksman et a/.: Thymus role in immune reactions in rats. III) PLATE 20 
FIG.  6.  Massive plasma cell accumulation  about  arterioles in  spleen of  thymec- 
tomized rat 26-5 from homograft experiment. This spleen was completely depleted ol7 
small lymphocytes. Hematoxylin and eosin. Above, X  290, below,  X  720. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE  20 
FIG.  6 
(Waksman et al.: Thymus role in immune reactions in rats. III) PLATE 21 
FIGS. 7 a to 7 f. Comparable cross-sections of lymph nodes from control rats (7a, 7c, 
and  7 e)  and  thymectomized rats  (7 b,  7 d,  and  7/).  Figs. 7 a  aim 7 b, left inguinal 
(draining) nodes of rats 17-9 and 17-4, given adjuvant in left hind foot-pad. Figs. 7 c 
and  7 d,  left axillary (draining) nodes of rats  14-6  and  14-3 given  spinal cord  and 
adjuvant in left hind foot-pad. Figs. 7 e and 7f, right axillary (non-draining) nodes of 
rats 26-4 and 26-5 which received skin homografts on left flank. All hematoxylfi~ and 
eosin.  Photographed  and  printed under  identical  conditions.  X  10. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  116  PLATE  21 
(Waksman et al.: Thymus role in immune reactions in rats. III) P~;AT~: 22 
Fro. 8.  Right inguinal lymph nodes (non-draining) from control rat 33-3  (ahove) 
and thymectomized rat 33-4  (below) following skin homografting.  Both nodes show 
germinal centers and a  few lymphocytes around  them.  However, the large primary 
masses of small lymphocytes seen  in  the  control node  are entirely depleted in  the 
thymectomized rat. Hematoxylin and eosin.  ×  90. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE 22 
FIG.  8 
(Waksman et al.: Thymus role in immune reactions in rats. III) [)LATE 23 
FIGS. 9 a  to 9 c.  Left axillary (draining) nodes of thymectomized rats injected in 
left hind foot-pad with adjuvant (rat 17-1, 9 a and 9 c) or with spinal cord plus adju- 
vant (rat  14-5, 9 b). Fig. 9 a, normal secomlary cortex and germinal centers next to 
collapsed primary area containing a few small lymphocytes. Fig. 9 b, depleted primary 
nodule (to left)  containing reticulum cells and scattered lymphocytes and adjacent 
medullary area.  Fig. 9 c, plasma cells in medullary cords  of node shown in Fig. 9 a. 
All hematoxylin and eosin.  X 290. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 116  PLATE  23 
(Waksman et al.: Thymus role in immune reactions in rats. III) DLATE  24 
FI~. 10.  Left inguinal (draining) nodes of control rat 22-8 (upper photograph) and 
thymectomized rat 23-1 (lower) injected in left hind foot-pad with BSA in adjuvant. 
Normal node shows  oil vacuoles and epithelioid cells surrounded by small lympho- 
cytes in an unstructured pattern and more peripherally by secondary cortex contain- 
ing germinal centers and small lymphocytes. In thymectomized animal, node shows 
epithelioid cells (at right)  and wide zone  of undifferentiated tissue containing a  few 
scattered lymphocytes. Germinal centers are  seen distally but no normal secondary 
cortex.  Hematoxylin and eosin.  X  90. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  116  PLATE 24 
FIG.  10 
(Waksman et al.: Thymus role in immune reactions in rats. III) PLATE 25 
F~G. 11.  Nodes of thymectomized rats inoculated with BSA and adjuvant. Upper 
photograph  shows  mediastinal node of No.  8-6: Two  germinal centers and  normal 
appearing medulla, with almost complete absence of small lymphocytes. Lower photo- 
graph shows left inguinal (draining) node o[ No. 32-3: germinal center and masses of 
plasma cells in adjacent medullary cords. Small lymphocytes are rare. Hematoxylin 
and  eosin.  X  120  (upper)  and  X  290  (lower). THE  JOURNAL  OF  EXPERIM'ENTAL  MEDICINE  VOL.  116  PLATE  25 
Fr6.  11 
(Waksman el al.: Thymus role in immune reactions in rats. III) 